Abstract
I. Introduction
Liquid crystal (LC) [1, 2] is an anisotropic fl uid which exhibits both the properties of solid and liquid. Its name suggests that it is an intermediate phase of matter in between the liquid and crystal. The molecules in a crystal (solid) generally possess both positional and orientation order while the molecules in a liquid do not have any order and can move freely in random manner. The liquid crystals molecules possess orientation and partial translational order. Liquid crystals can fl ow as a liquid and at the same time its molecules may be oriented in a certain direction like the molecules in a crystal do. LC possesses some crystalline properties such as magnetic, electric and optical anisotropy, periodic arrangement of molecules in one spatial direction as well as some typical properties of a liquid such as fl uidity, elasticity and formation of droplets. Typically the molecules are rod-like or disklike. The rod like molecules or rod-like mesogens is elongated (≈ 25ºA) and has anisotropic geometry which leads to preferential alignment along one spatial direction. Disc-like molecules or discotic mesogens are fl at and have more or less disc-shaped central core leading to two dimensional columnar ordering. A large number of well-known compounds are liquid crystals e.g. cellulose, DNA, cholesterol esters, lecithin, paraffi n.
The credit for the discovery of liquid crystal goes to an Austrian botanical physiologist Friedrich Reinitzer, even though the liquid crystalline phase was observed in the past as well. In 1888 Reitnizer observed two melting temperatures of cholesteryl benzoate. At 145.5 0 it melts forming a cloudy liquid that become clear at 178.5 0 . Reitnizer was puzzled with this peculiar feature shown by the compound and wrote to physicist Otto Lehmann seeking help from later's expertise of polarizing microscopy. After the observation of the sample gotten from Reinitzer , Lehmann realized that the cloudy liquid observed was a new state of matter and coined name "liquid crystal", illustrating that it is something between a liquid and a solid, sharing important properties of both.
Liquid crystal technology has had a major effect in many areas of science and technology [3, 4] . The most common application of liquid crystal technology is liquid crystal displays which have grown to a multi-billion companies. From simple wrist watch, computer to an advanced computer screen LCDs have evolved into a versatile interface. LCD uses much less power than that CRTs use.
LCs can be thermotropic, lyotropic or amphotropic. Thermotropic LCs are induced by thermal process. They show phase behavior change as a function of temperature. Thermotropic mesogens can be obtained either lowering the temperature of its isotropic phase or raising the temperature of its solid phase. Lyotropic LCs are induced by solvent. Their phase behavior change as a function of concentration of solvent. Amphotropic LCs show both thermotropic and lyotropic behavior. LC displays varieties of intermediate thermody-namically stable phases but the most common and important are "Nematic" and "Smectic". In nematic phases (Fig. 1 ) the molecules are free to move in all directions i.e. there is no positional order of centers of mass but they tend to orient in a certain direction.
FIG. 1: Cartoons of nematic and isotropic phases
The direction of preferred orientation can be described by a unit vector, , is called nematicdirector. Smectic phases (Fig. 2) have a layered structure with the molecules oriented parallel or tilted to the layer normal. In smectic-A, molecules are parallel to layer normal and in smectic-C phase the molecules are tilted with respect to layer normal. They are characterized by absence of positional order within the layers i.e. molecules have some freedom to move within the layer but they are much free to move between the layers. Smectics can be considered as stacks of two dimensional fl uids but they behave as crystalline across the layers.
The orientational order can be described by a symmetric and traceless second rank tensor (Qij) [2] and is established in three dimensions. Nematic order can be described by a scalar parameter S which measures the magnitude of orientational order about the orientational axis on short length scale and on longer length scale by a vector, called nematic director, which describes spatial orientation of this axis. These measure of nematic order are related to nematic order parameter by . The Smectic-A order parameter ψ is defi ned as the amplitude of a one dimensional wave and is related to molecular density as , where is the wave vector corresponding to the layer spacing d and complex fi eld .
There are many successful methods to study the Liquid Crystals at different phase transitions; some of them include calorimetry, x-ray diffraction, neutron scattering, light scattering, NMR, optical microscopy, etc. Among the different calorimetric techniques to study liquid crystals, traditional adiabatic calorimetry has high precision and can be used to determine the latent heat at strongly fi rstorder transitions. However, this method does not have enough resolution possibilities to characterize a second-order transition and requires a large sample of several grams to get reliable data [5] . Differential scanning calorimetry has high sensivity, making it a widely used method because of its ease of operation and small sample size (10 mg). Due to rapid scan rates of 1-5 K/min, the precision and absolute accuracy in enthalpy changes is modest, and the temperature resolution is poor [6] . Since its introduction into the literature during the late 1960s [7] , the AC calorimetry has developed into a very powerful, well-established and widely used technique for studying a variety of phase transitions in liquid crystals, polymers and biological systems.
In this article we explain briefl y ac-calorimetric technique to study the effect of nonmesogenic, low molecular weight, solvent(hexane) concentration on the isotropic to nematic (I-N) and nematic to smectic-A(N-SmA) phase transitions on octylcyanobiphenyl and hex-ane(8CB+hex) binary mixtures as the function of hexane concentrations. Our present work is organized as follows: Section II describes the preparation of sample and the cell as well as the experimental ac-calorimetric procedure which we employed to this work. Section III describes the result of our study of 8CB+hex system. Finally, the section IV summaries the conclusion drawn.
II. Experimental Procedure
A. Operation AC-calorimetry, originally introduced by Sullivan
FIG. 2: Cartoons of Smectic-A and Smectic-C phases
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Smetic-A and Siedel [7] , is a semi classical, well established, widely used and an extremely valuable tool in the study of phase transitions. In ac-technique, heat capacity is measured in quasi-equilibrium condition which is very crucial because of the fact that most of the phase transition theories are based on the equilibrium condition considerations. AC-calorimetric technique has several advantages as compared to the other calorimetric methods.
We can measure the heat capacity of very small amount of sample ranging from g to mg in very high temperature range with high temperature resolutions. It can be extended to get the information about the characteristics like thermal conductivity and dynamic heat capacity Cp (!). Ac technique is a versatile and easy to use.
It can be used to study the low-temperature properties of superfl uid helium fi lms adsorbed in porous glasses [8] , superconducting fi lms [9] ; studies on melting of nitrogen on graphite [10] ; and studies of phase transitions in bulk liquid crystals [11] , and in free standing liquid crystal fi lms [12] as a few examples.
A simple model to describe this technique is called one-lump thermal model (Fig.3) . This consists of a cell containing a sample with a heater and thermometer attached to its surface. The Ti, Ci, and Ri are the temperature, heat capacity, and the thermal resistance of the sample, thermometer, heater, and bath respectively, labelled by the indices i = S, θ, H, and B.
In the ac-mode of an ac-calorimetry, oscillating heating power is applied to the cell resulting in temperature oscillations with amplitude Tac and a relative phase shift between Tac and input power, , where Φ is the absolute phase shift between Tac and the input power. The relative phase shift also provides crucial information regarding the order of the phase transition [13] . With the defi nition of the heat capacity amplitude,
FIG. 3: One-lump thermal model used in accalorimetry
, the specifi c heat at a heating frequency ω can be expressed as where C ' fi lled
and C" fi lled are the real and imaginary parts of the heat capacity which represent the storage (capacitance) and loss (dispersion) of the energy in the sample respectively, C empty is the heat capacity of the empty cell, m s is the mass of the sample (in the range of 15 mg to 40 mg), and R e is the external thermal resistance between the cell and the bath. The functions f (ω) ≈ g(ω) ≈ 1 are small correction factors due to the non-negligible internal resistance R i of the sample compared to R e [14] .
The excess specifi c heat associated with a phase transition can be determined by subtracting an appropriate background B G P C from the total specifi c heat over a wide temperature range; . Fig. 5(a) illustrates this subtraction; the dash-dot line represents the background.
The pretransitional enthalpy associated with a phase transition is defi ned as where the integration is usually carried over as wide a temperature range as possible. The integration of the imaginary part of heat capacity given by Eq. (2) yields the imaginary transition enthalpy ±H", which is the dispersion of energy in the sample and a proxy of latent heat associated to the phase transition. Fig.  5(a) and (b) illustrates the way how we calculate the effective ac-enthalpy change and imaginary enthalpy change associated with phase transitions. In ac-calorimetric technique the uncertainty in determining the enthalpy is typically 10% due to the base line and background subtractions.
B. Sample preparation and cell design
The liquid crystal 8CB, purchased from Frinton Laboratory, has the chemical formula C 8 H 17 -C 6 H 5 -C 6 H 5 -CN, a molecular mass M w = 291.44 g mol -1 , and a density of ρ LC = 0.996 g ml - 1 . Pure 8CB has a weakly fi rst-order, isotropic to nematic phase transition at 0 IN T = 313.98 K, a second order nematic to smectic-A transition at T0 N A = 306.97 K, and a strongly fi rst-order crystal to SmA transition at T0 C rA = 290 K [15] . The single batch of 8CB used for pure and mixture samples was degassed under vacuum for about two hours in the isotropic phase before use. Spectroscopic grade (ultralow water content with a nominal 99.9% purity) n-hexane purchased from EM Science was used without further purifi cation. The pure n-hexane has molecular formula C 6 H 14 , molecular mass of 86.18 g mol -1 , a density of 0.6548 g ml -1 , and a boiling point of 342 K with no known mesogenic phases. The 8CB and n-hexane mixtures appear by visual inspection to be miscible up to an n-hexane mole fraction of 0.119. Measurements were performed on samples as a function of n-hexane mole fraction, , where n hex and n LC are the moles of hexane and liquid crystal used ranging from 0 (pure 8CB) to 0.12. All 8CB+hex samples experienced the same thermal history with data taken at a heating frequency of 0.03125 Hz and a fi nal slow scanning rate of ±0.4 K h -1 .
An aluminum "envelope" heat capacity cell, 15 mm in length, 8 mm in width, and ≈ 0:5 mm thick was prepared from a sheet of aluminum which was cleaned in progressive applications of water, ethanol and acetone in an ultrasonic bath. The sheet was then folded and sealed on three sides with super-glue (Cyanoacrylate). Once the cell was thoroughly dried, the desired amount of liquid crystal followed by a relatively large amount of n-hexane was introduced to the cell. The mass of the sample and cell was monitored as the n-hexane was allowed to evaporate slowly until the desired mass of the n-hexane was achieved. At the point of the desired mass of the 8CB+hex mixture, the envelop °ap was quickly folded and sealed with the super-glue. Careful massing of super-glue and sample during every stage of this process ensured the proper amounts of materials were sealed within the cell. Extensive care was taken in handling the sample due to relatively rapid evaporative nature of n-hexane and total mass of the cell was periodically checked. The sample cell consists of an aluminium envelop mentioned above and is closely matching the size of the heater. After the sample was introduced into the cell a 120 -Ω strain gauge heater and 1 -MΩ carbon-fl ake thermistor were attached on its surfaces. The fi lled cell was then mounted in the high resolution calorimeter,the details of which can be found elsewhere [7, 13, 16] .
High resolution ac-calorimetric measurements were carried out at WPI the block diagram of which is shown in Fig. 4 . It consists of a copper block the temperature of which is controlled by a Lakeshore temperature controller via a platinum resistance thermometer (PRT) and a fl exible heater. A thermistor and a heater are attached to the opposite faces of the sample-cell and are connected to Keithley digital multimeter and HP function generator respectively. HP function generator provides the oscillating power to the cell via heater and the multimeter measures the temperatures responses via the thermistor as well as center PRT. The resulting excess specifi c heat data for 8CB+hex samples on heating are shown in Fig. 7 (a) as a function of temperature. Here δCp are presented in JK -1 per gram of the sample. The δCp peaks of both the I-N and N-A transitions shift towards lower temperature. I-N δCp peaks are progressively smearing with increasing x hex whereas N-A peaks are narrowing and becoming larger in height. Fig. 7(b) shows the dispersive part of heat capacity C" for pure 8CB and 8CB+hex samples on heating. The I-N transition C" peaks are also smeared with progressively longer tail on the isotropic side as the hexane concentration increases. C"N-A peaks are observed only for xhex = 0.08; 0.09; 0.12. This means latent heat is present only for these hexane mole fraction and are ¯rst order phase transition whereas for lower concentration
FIG. 4: Block diagram of an AC-Calorimeter.

III. Results and Discussions
The summary of our result for 8CB+hex samples including pure 8CB is tabulated in table I. Included are the I-N and N-SmA transition temperatures and nematic range measured in Kelvins, measured in J/g. 
IV. Conclusion
We have undertaken a calorimetric study on the effect of non-mesogenic, low molecular weight solvent (hexane) on octylcyanobiphenyl (8CB) on the I-N and N-SmA phase transitions. The both the transition temperatures shifts to lower temperatures with increasing the hexane concentration on the binary mixture. But the effect of the hexane for depressing the N -SmA transition is smaller as compared to that of I -N transition temperature. The result obtained reveals new aspect of the effect of nonmesogenic disorder on the liquid crystal transition. It is concluded that as the concentration of hexane increases the coupling between order parameters and the molar fraction (x) increases indicating the decrease in nematic range. The dilution of the liquid crystal causes the decrease in liquid crystal molecule interaction which consequently gives rise the evolution of the phase transitions and cross over between second order to fi rst order N-SmA transition.
